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)RU SXWWLQJ LQ SUDFWLFH RI DJULFXOWXUH HQJLQHHULQJ GHYHORSPHQW DQG KLJKWHFK DSSOLFDWLRQ FRPSXWHU HGXFDWLRQ IRU
DJULFXOWXUHHQJLQHHUVLVYHU\LPSRUWDQWFRQWHQWZKDWHYHULQXQLYHUVLW\RUHPSOR\PHQWFXOWLYDWLRQ$VORQJDVDGYDQFHPHQW
LQ DJULFXOWXUH HQJLQHHULQJ PDQ\ QHZ WHFKQRORJLHV OLNH GLJLWDO DJULFXOWXUH SUHFLVLRQ DJULFXOWXUH DQG LQIRUPDWLRQ
DJULFXOWXUH KDYH JURZQ XS WR EH XVHG %XW ZKLOH ZH GHHSO\ GLVFXVV FRPSXWHU HGXFDWLRQ XVHG LQ WKLV ILHOG WKH QH[W
JHQHUDWLRQ QHZ NQRZOHGJH V\VWHP LQ DJULFXOWXUH HQJLQHHULQJ VKRXOG EH SUHVHQWHG WKDW LV ³,QWHOOLJHQW$JULFXOWXUH,$´
ZKLFKLVQHZFRQFHSWEDVHGRQLQWHOOLJHQWFRQWUROWKHRU\XVHGLQDJULFXOWXUHFRPSOH[ODUJHV\VWHP:LWKWKLVFRQFHSWWKH
DJULFXOWXUH V\VWHP FDQEHGHVLJQHGPDQ\ FORVH V\VWHPVZLWK IHHGEDFN DQG DOO RI LQWHOOLJHQW WHFKQRORJLHV FRPELQDWLRQ
DUWLILFLDO LQWHOOLJHQW DXWRPDWLRQFRQWURODQGFRPSXWHUDOJRULWKPUHVHDUFKZLOOEHXVHG LQDQGZKROHDJULFXOWXUH V\VWHP
FDQEH UHDOL]HG WR LQWHOOLJHQWPDQDJHPHQW DQG FRQWURO RXWSXWZLWK DGYDQFHG GHWHFWLQJ WHFKQRORJ\ DQGQHWZRUN FRQWURO
WHFKQRORJ\DVZHOODVDOOXVHIXOFRPSXWHULQWHJUDWLRQWHFKQRORJLHV$FFRUGLQJWRWKHFRQQRWDWLRQRI,$LQWKLVSDSHUWKH
FRQWUROVWUXFWXUHDQGWHFKQRORJ\LQWHJUDWLRQPRGHOLQJGHVFULELQJIRU,$LVGLVFXVVHGILUVWO\$QGWKHQIRUKLJKWHFKQRORJ\
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:LWK UDSLG GHYHORSPHQW RI ZRUOGZLGH DJULFXOWXUDO LQIRUPDWLRQ WHFKQRORJ\ WKH GLJLWDO DJULFXOWXUH
SUHFLVLRQ DJULFXOWXUH DQG DJULFXOWXUDO LQIRPDWL]DWLRQ WHFKQRORJ\ KDYHEHHQ DSSOLHG LQ DJULFXOWXUDO V\VWHPV
DQG DJULFXOWXUDO VFLHQFH DQG WHFKQRORJ\ KDVEHHQPDGHPRUH G\QDPLF >@ &RPSXWHU DJULFXOWXUH 2QOLQH
DJULFXOWXUHDQGDJULFXOWXUDOH[SHUWGHFLVLRQV\VWHPEHORQJWRDJULFXOWXUDOLQIRUPDWL]DWLRQKDYHEHHQDSSOLHG
LQ DJULFXOWXUDO HQJLQHHULQJPRUH SRSXODU 3UHFLVLRQ DJULFXOWXUH WHFKQRORJ\ DLPHG DW LQWHQVLYH FXOWLYDWLRQ
WHFKQRORJ\V\VWHPIRUPRGHUQIDUPDQGPDGHSUHFLVHFRQWURORQVRPHREMHFWVLQDJULFXOWXUDOHQJLQHHULQJ%\
PHDQV RI 6 WHFKQRORJ\ *36 6HQVHV DQG *,6 WKH SUHFLVLRQ DJULFXOWXUH FDUULHG RQ DFFXUDWH DQG DFWLYH
FROOHFWLRQ DQG RSHUDWLRQ RI DJULFXOWXUDO GDWD DQG ZRUNHG RQ WKH DJULFXOWXUH FRQWURO V\VWHP E\ VSHFLDO
GHWHFWLRQWHFKQRORJ\DQGDJULFXOWXUHDXWRPDWLRQHTXLSPHQW>@
8QGHUDERYHSURJUHVV LQDJULFXOWXUDO WHFKQRORJLHVEDVHGRQ ODUJH V\VWHP LQWHOOLJHQWFRQWURO WKHRU\QHZ
FRQFHSWQDPHGLQWHOOLJHQWDJULFXOWXUH,$KDGEHHQSUHVHQWHG>@5HIHUHQFHH[SODLQHGWKHGHILQLWLRQRI,$
ILUVW WLPH DQG GHVFULEHG WKH V\VWHP IUDPHZRUN RI LQWHOOLJHQW DJULFXOWXUH IURP WKH SHUVSHFWLYH RI PLFUR
LQWHOOLJHQFHDQGPDFURLQWHOOLJHQFH:LWKSRLQWRIYLHZRIUHIHUHQFHUHVHDUFKRI,$V\VWHPVFDQEHGLYLGHG
LQWR VHFWLRQV VXFK DV DUWLILFLDO LQWHOOLJHQFH LQWHOOLJHQW FRQWURO FRPSOH[ DGDSWLYH V\VWHPV DQG V\VWHP
LQWHJUDWLRQ DSSOLFDWLRQ LQ DJULFXOWXUH HQJLQHHULQJ 0HDQZKLOH WKH SDUWLFXODU HPSKDVLV RQ WKH PHDQLQJ
LQWHOOLJHQW DJULFXOWXUH,$ VKRXOG EH D ODUJHVFDOH V\VWHPV LQFOXGLQJ FORVHGORRS DGDSWLYH FRQWURO DQG
DJULFXOWXUDO LQWHOOLJHQW KDUGZDUH HTXLSPHQW2EYLRXVO\ WKH FRQFHSW RIPDNLQJ DJULFXOWXUDO V\VWHP RYHUDOO
LQWHOOLJHQW ZDV D NLQG RI SRVWPRGHUQ WHFKQRORJ\ ZKLFK DJULFXOWXUH FRQWURO HQJLQHHULQJ ZLOO EH JUHDWO\
SURPRWHGWRUHDOL]HZKROHDJULFXOWXUDOV\VWHPPRGHUQL]DWLRQ>@$FFRUGLQJWRWKLVQHZVFLHQFHDQGWHFKQRORJ\
SURJUHVVWUHQGVDQGWKHUHTXLUHPHQWVLQDJULFXOWXUDOFRQWUROHQJLQHHULQJWHFKQRORJ\SDUWLFXODUO\LQ,$VRPH
GHYHORSPHQW DQG DSSOLFDWLRQ LQ V\VWHP LQWHJUDWLRQ WHFKQRORJ\ VXFK DV LQWHOOLJHQFH FRQWURO WHFKQRORJ\
GHWHFWLQJWHFKQRORJ\DQGQHWZRUNFRQWURO WHFKQRORJ\DVZHOODVFRPSXWHUDOJRULWKPFUHDWHGWKHGHPDQGIRU
DJULFXOWXUDO FRQWURO HQJLQHHUV 'HSHQGLQJ RQ WKLV WKH SDSHU SRLQWV RXW WKH QHFHVVLW\ RI  DJULFXOWXUH
HQJLQHHULQJ HGXFDWLRQ UHIRUP VSHFLDO IRU VWXGHQWV RI DJULFXOWXUDO HOHFWULFDO DQG DXWRPDWLRQ VSHFLDOW\ LQ
FROODJHV DQG GLVFXVVHV WKH VLJQLILFDQFH RI FRPSXWHU VXSSRUWLQJ LQWHOOLJHQW FRQWURO FRXUVHV0HDQZKLOH WKH
QHZFXOWLYDWLRQ UHTXLUHPHQW LQYROYLQJ LQ HGXFDWLRQEDFNJURXQG DQG WHFKQLFDO VNLOOV IRU DJULFXOWXUDO FRQWURO
HQJLQHHUVZLOODOVREHSUHVHQWHGLQWKLVSDSHU
7KHV\VWHPIUDPHZRUNRI,$
$FFRUGLQJ WR FRQWURO WKHRU\ DQ\ FRQWUROODEOH DQG HIIHFWLYH V\VWHP PXVW EH D FORVHGORRS V\VWHP
FRQWDLQLQJ FRQWUROOHUV DQG WKH FRQWURO REMHFWV%DVHGRQ WKLVYLHZ WKH V\VWHP IUDPHZRUNRI ,$FDQEH
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V\VWHPFDQDFKLHYHJHQHUDOWDUJHWWKURXJKWKHFRRUGLQDWRUDWHDFKOHYHO)URPPLFUROHYHOWRPLGGOHOHYHOWKH
,$ IUDPHZRUNZDV FRUUHVSRQGLQJ WR )LJZKLOHPDFUROHYHO FRRUGLQDWLRQ DQG LQWHOOLJHQW GHFLVLRQPDNLQJ
V\VWHPZDV UHIOHFWHG LQ WKH RYHUDOO LQWHOOLJHQW FRQWURO DQGPDQDJHPHQW$JULFXOWXUDO V\VWHP LV D QRQOLQHDU

















:LWK DERYH GHVFULELQJ ,$ HPSKDVL]HV  QRW RQO\ DJULFXOWXUH DV D FRQWUROODEOH ODUJH V\VWHP EXW  WKH
DSSOLFDWLRQ RI DUWLILFLDO LQWHOOLJHQFH WHFKQRORJ\ DXWRPDWLF FRQWURO WHFKQRORJ\ LQWHJUDWLRQ WHFKQRORJ\ DQG
DGYDQFHGGHWHFWLRQ WHFKQRORJ\ DQGQHWZRUNFRQWURO WHFKQRORJ\ DUH LQFOXGHG WRR6R ,$JHQHUDOO\ LQFOXGHV
WZRDVSHFWVRQHLVWKHRU\DQDO\VLVPRGHOLQJDQGLQWHOOLJHQWFRQWURODOJRULWKPZLWKFRPSXWHUDQGDQRWKHULV
GHYHORSPHQW DQG DSSOLFDWLRQ RI DJULFXOWXUDO LQWHOOLJHQW V\VWHP ,Q WKH V\VWHP WKHRUHWLFDO UHVHDUFK WKH







































7KH FXUUHQW HGXFDWLRQ IRU VWXGHQWV RI WKLV VSHFLDOW\ LVYHU\ ROG HGXFDWLRQ V\VWHPEXLOW LQ V%XWXQGHU
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
$JULFXOWXUDO FRQWURO HQJLQHHUEHORQJV WR WKH JHQHUDO HQJLQHHU FDWHJRU\ 7KHEDVLF DELOLW\ RI DJULFXOWXUDO
FRQWUROHQJLQHHUFDQEHGHVFULEHG WKDWKHPXVWKDVDJRRGDJULFXOWXUDO HQJLQHHULQJHGXFDWLRQDOEDFNJURXQG
LQFOXGLQJ LQLWLDO JUDVS RI DJULFXOWXUDO V\VWHPV NQRZOHGJH JHQHUDO FRPSXWHU FRQWURO DQG LQWHOOLJHQW FRQWURO
WKHRU\ DQG KDV VXIILFLHQW DELOLW\ WR GHVLJQ DXWRPDWLF FRQWURO V\VWHP ZLWK GHWHFWLRQ WHFKQRORJ\ HOHFWURQLF

















$SSOLFDWLRQRI ,$ LVFORVHO\ UHODWHG WRYDULRXV LQWHJUDWHG WHFKQRORJLHV%DVHGRQDERYHGLVFXVVLRQRI ,$
DQGSURSRVHGILYHNH\DSSOLFDWLRQWHFKQRORJLHVZHWKLQNDVVRFLDWHGWHFKQRORJ\FRXUVHVVKRXOGEHGHVLJQHGDV




FRXUVHV DQG SUDFWLFDO FRXUVHV$VYHU\ SUDFWLFDO FRXUVHV DOO WKHVH H[SDQGLQJ FRXUVHV DUH FORVHO\ UHODWHG WR
FRPELQHLQWHOOLJHQWDJULFXOWXUDODSSOLFDWLRQV\VWHP)RUH[DPSOHWKHDJULFXOWXUDOLQWHUQHWRIWKLQJVWHFKQRORJ\
LVYHU\LPSRUWDQWLWVDSSOLFDWLRQLVQRWKLQJOHVVWKDQWKHZLUHOHVVFRPPXQLFDWLRQVDQGVHQVRUWHFKQRORJ\LWV
SURVSHFW LV FRQQHFW WKH XQGHUO\LQJ YDULRXV LPSOHPHQWLQJ DJHQFLHV DQG VHQVRUV E\ ZLUHG RU ZLUHOHVV DQG
FRQVWUXFWUHVRXUFHVKDULQJDQGQHWZRUNE\FRPSXWHUFRQWURO,QDGGLWLRQFRPSXWHUEDVHGLQWHOOLJHQWFRQWURO
V\VWHPLVDOVRDQLPSRUWDQWFRPSXOVRU\FRXUVHIRUVWXGHQWVWRFXOWLYDWHWKHFRQFHSWRIODUJHV\VWHPFRQWURO
WKHFRXUVH VKRXOG IRFXVRQ WHDFKLQJFRQWHQWRI''&'&6)&63&6DQGRWKHUEXVEDVHGFRQWURO V\VWHP
FRQVWUXFWLRQ 0RUHRYHU DJULFXOWXUDO URERWLFV FRXUVHV VKRXOG DOVR EH VHW 7KH URERW WHFKQRORJ\ KDV EHHQ
DEURDG DSSOLHG LQ WKH ILHOG RI DJULFXOWXUH VXFK DV LQ -DSDQ WKH VWUDZEHUU\ KDUYHVWLQJ URERW ZDWHUPHORQ
KDUYHVWLQJURERWSHVWLFLGHVDQGIHUWLOL]HUURERWVSODQWURERWKDYHEHHQSURPRWHGEXWWKHUHLVVWLOODYHU\ODUJH
JDS LQ &KLQHVH DJULFXOWXUH ILHOG 7KLV URERW WHFKQRORJ\ UHODWHV WR PDQ\ EDVLF FRPSXWHU FRXUVHV VXFK DV
GHWHFWLRQVHQVRUWHFKQRORJ\ VHUYRPRWRUVDQGLQWHOOLJHQWFRQWURO WHFKQRORJ\ LPDJHUHFRJQLWLRQWHFKQRORJ\
'63$50FRQWURO WHFKQRORJ\DQGVRRQ7KHUHIRUH WRFXUULFXOXPGHVLJQDQGGHYHORSPHQWHVSHFLDOO\ WKH
WUDLQLQJ RI HQJLQHHUV ZH VKRXOG SD\ PRUH DWWHQWLRQ WR WKHVH DUHDV DQG H[SDQGLQJ DQG HPSKDVL]H WKH
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RQ WKH DSSOLFDWLRQ WHDFKLQJ DQ FXOWLYDWLRQ )RU XQGHUJUDGXDWH WHDFKLQJ ZLOO EH LQ WZR OLQHV VXSSRUWHG E\
FRPSXWHURQHLVDUWLILFLDOLQWHOOLJHQFHDQGLQWHOOLJHQWFRQWUROWKHRU\DQRWKHULVV\VWHPVLQWHJUDWLRQWHFKQRORJ\
(DFKSDUWRI WKHFXUULFXOXPSODQQLQJZDVIRUPHGE\ UHVSHFWLYHFKDUDFWHULVWLFFRXUVH+HUHVSHFLDOQRWH WKDW
WKH VWXGHQWV DQG HQJLQHHUV WUDLQLQJ IRU PHHWLQJ WKH QHHG RI LQWHOOLJHQW DJULFXOWXUH VKRXOG EH EDVHG RQ WKH
SUDFWLFDODSSOLFDWLRQDQGPDQDJHPHQWFDSDFLW\UDWKHUWKDQWUDLQLQJIRUWKHSXUSRVHRIVFLHQWLILFUHVHDUFK
&RQFOXVLRQ
7KH ,$ LV D QHZ FRQFHSW ZLWK DJULFXOWXUDO ODUJH V\VWHPV FRQWURO WKHRU\ DQG WHFKQRORJ\ LQWHJUDWLRQ
DSSOLFDWLRQ6R ,$ ZLOO EH QH[W JHQHUDWLRQ GHYHORSPHQW RI DJULFXOWXUH VFLHQFH DQG WHFKQRORJ\ 7KLV SDSHU
LOOXVWUDWHVWKHUHDOPHDQLQJRILQWHOOLJHQWDJULFXOWXUHHVSHFLDOO\LQV\VWHPLQWHJUDWLRQVXSSRUWHGE\FRPSXWHU
VXSSRUWLQJ $V IDU DV WKH WHDFKLQJ DQG FXOWLYDWLRQ  IRU HOHFWULFDO DQG DXWRPDWLRQ SURIHVVLRQ LQ &KLQHVH
DJULFXOWXUH HQJLQHHULQJ HGXFDWLRQ IRU PHHW WKH DSSOLFDWLRQ RI  ,$ ZH GHVLJQHG WZR FOXHV IRU FXUULFXOXP
UHIRUP EDVHG RQ WKHRU\ VWXG\ DQG LQWHOOLJHQW FRQWURO DSSOLFDWLRQ 0HDQZKLOH WKH WUDLQLQJ RI V\VWHP
LQWHJUDWLRQ FDSDELOLWLHV DQG FRPSXWHU FRQWURO DSSOLFDWLRQ DELOLW\ DUH WKHPRVW SRZHUIXOZHDSRQ WRGULYH WKH
DSSOLFDWLRQV RI HYHU\ NLQGV RI DJULFXOWXUDO FRQWURO V\VWHP IRU SURIHVVLRQDO VWXGHQWV DQG DJULFXOWXUH FRQWURO
HQJLQHHUV:HHPSKDVL]H WKDWFRPSXWHUVXSSRUWHGHGXFDWLRQVKRXOG LQFOXGHFRPSXWHUDLGFRQWUROHGXFDWLRQ
DQG LWV UHODWLYH FRPSXWHU FRQWURO FRXUVHV $W WKH VDPH WLPH WKLV FXUULFXOXP VSHFLDO FRPSXWHU VXSSRUWHG
WHFKQRORJ\FRXUVHVZLOODOVRKHOSVWXGHQWVWRH[SDQGWKHVFRSHRIHPSOR\PHQW
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